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Object and Scope of the Investigation. 
Although there exist in the literature many references to the nor- 
mal and abnormal accumulation of fatty pigment or lipoid material 
in the nerve cells and neuroglia, it cannot be said that the subject has 
been treated exhaustively, or that our knowledge of the source and 
character  and  occurrence  of  this  phenomenon  is  adequate.  The 
significance of lipoid degeneration of nervous tissue and its relation, 
if any, to  definite mental diseases has  not been thoroughly investi- 
gated,  and  therefore it  was  thought  important  enough  to  make  a 
thorough investigation of the subject and to ascertain if any possible 
relation existed 'between fatty degeneration of the nervous elements 
of the cortex and the various psychoses. 
In order to determine this question, many difficulties arose, as the 
fatty content of the nervous elements in normal individuals had to 
be thoroughly studied before one could decide whether the accumula- 
tions of fatty pigment were pathognomonic or not.  We know that 
these  accumulations  become  more  pronounced  as  the  individual 
becomes older, so that it is  important to consider the age of the in- 
dividual  before  deciding  upon  the  pathologic  significance  of  this 
phenomenon.  It  is  also  possible  that  various  poisons,  especially 
alcohol, may have a  potent effect upon the occurrence of  fatty de- 
generation of the nervous elements, even in the adolescent and adult 
years of life.  Therefore in  order to  establish  any pathologic sig- 
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nificance to this phenomenon only a pronounced increase in the lipoid 
and fatty pigment out of proportion  to the age of the patient can be 
regarded  as patently pathologic.  And  this  abnormal  condition  can 
be brought into definite relation  to the morbid process only when  it 
occurs regularly in many cases of the same disease.  The object of 
this investigation then was to determine the relation of fatty deposits 
in  the  elements  of  the  central  nervous  system  as  found  in  both 
normal  and  abnormal  brains  of human  species.  In  order  to deter- 
mine  whether  it  was a  necessary constituent  of nervous  tissue,  the 
brains of various wild and tame animals  were also studied. 
Methods. 
The  Herxheimer method  1 of  staining the  fatty pigment by means of  Schar- 
lach  R  was  the  principal  method  used,  as  this  method  is  far  superior  to  any 
other  for  demonstrating the  fatty  pigment,  and  it  also  enables  us  to  make  a 
comparative estimate of the character and  amount of the pigment present. 
For  this  purpose  formalin-hardened material  was  used,  and  sections  were 
cut with a  freezing microtome.  No alcohol material can be used, as the alcohol 
extracts  a  large  amount  of  the  fatty  pigment,  and  the  picture  is  therefore 
inaccurate. 
Old  formalin  material  can  be  used,  although  freshly  hardened  tissue  is 
preferable. 
1 Herxheimer's Stain for Fat by Scharlach R. 
I.  Formalin fixation. 
2.  Frozen sections. 
3*  Stain in Scharlach R  solution 2 to 5 minutes, with or without heating.  The 
stain  is  perhaps a  trifle more  intense with heat,  but precipitation is  more 
likely to occur. 
4.  Wash in water. 
5.  Stain  in  dilute  Ehrlich's hematoxylin  (diluted  I  to  4)  for  I  to  3  minutes; 
usually  a  minute  or  a  few  seconds  are  sufficient if  the  solution  is  well 
ripened. 
6.  Wash well in tap water, 3 to 5 minutes or more. 
7.  Transfer to  a  slide by dipping the slide in  the water beneath the section. 
8.  Dry off the water about the margins of the section with filter paper, but  do 
not blot, 
9.  Mount in glycerine and seal the edges of the cover-glass with wax. 
* Scharlach  Staining  Solution. 
Make up just previous to use. 
Saturate  the  following solution with  Scharlach  R  in  a  test-tube by agitation 
and heat; filter carefully. 
Absolute  alcohol  ..........................................  7o  cc. 
IO per  cent sodium hydrate  solution  .......................  2o  " 
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The  Nissl stain was  also used to  determine other pathologic changes  in  the 
nervous  elements.  But  frequently  the  picture  obtained  by  the  Nissl  method 
gave no  indication of the presence of the  fatty pigment.  Only in  cases of  far 
advanced degeneration such as that  found in senile dementia was the  fatty pig- 
ment demonstrable by this method. 
The  neurofibrils  were  studied  by  means  of  the  Bielschowsky  and  Cajal 
methods,  but the  results  obtained were  not  considered trustworthy  on  account 
of their difficulty and  often unreliability.  It was  therefore  impossible to  form 
any opinion of the  relations of the neurofibrils to  the  fatty degeneration,  with 
the  exception  of  a  few  types,  notably the  pathologic changes  found  in  central 
neuritis and occasionally in senile dementia. 
There can be no doubt that changes in the neurofibrils associated with  fatty 
degeneration  of  the  nerve  cells  exist,  but  with  our  present  unreliable  silver 
impregnation methods  it is impossible to  demonstrate this relation. 
The Occurrence of Fatty Pigment in Brains of Normal Individuals. 
This  investigation  was  begun  in  the  laboratory  of  the  clinic  at 
Munich  in  19o5-o6.  The  difficulty  of  obtaining  normal  brain 
material in a  community  where  the excessive use of alcohol was  the 
rule  soon  became  apparent.  A  number  of  normal  brains  were  ex- 
amined,  but  changes  demonstrated  'by the  Nissl  as  well  as  by  the 
Scharlach method  forced us to discard such material.  In the  inter- 
val  (1906-1I)  normal  material was  collected principally from  acci- 
dent cases which came under the supervision of the county physician 
and  from  electrocuted  cases  at  the  State  Prison.  In  this  way  we 
were able to examine  the brains of about  thirty cases  of supposedly 
normal  individuals  of  various  ages.  Many  were  not  available be- 
cause  of excessive alcoholism, but we were able to  form  some  opin- 
ion  as  to  the  occurrence  of  fatty  pigment  in  various  decades  from 
the new-born  to old age. 
In  a  new-born no  lipoid pigment was  found  in  the  glia, the ganglion  cells, 
or in the  cerebral cortex.  In the  case of a  young man  16 years old, killed by 
an  electric  shock,  lipoid  granules  were  found  in  many  ganglion  cells  of  the 
cerebral cortex, but always in very small quantity only; they lay in the pyramid 
cells mostly at the base of the cells by the side of the nucleus, and produced the 
impression that they did not permeate the entire cell plasma but included only a 
comparatively small part of the cells.  In the glia cells as well as in the vessels 
were found no single isolated fatty granules, and none were found in the super- 
ficial glia. 
A  considerable increase of  the  lipoid pigment was  found  in  the  case of  an 
electrocuted convict 30 years  old;  here  appeared likewise only very  few  fatty 
granules in the ganglion cells ; usually only 3 to IO granules lay at the base of the Henry  A.  Cotton.  495 
cells  near  the  border.  As  in  the  former  case,  so  here  in  the  glia  and  even 
in  the glia cells  of  the most  superficial  strata no  deposit  of  lipoid pigment was 
found.  Neither  were  lipoid  granules  found  in  the  ganglion  cells  of  a  27  year 
old negro, electrocuted.  In the case of  a  36 year old suicide (because of unhappy 
family relations)  somewhat more  fatty deposit  was  found,  still the amount was 
not very considerable.  In  a  70 year old  man  who  had  shown  no  mental defect 
the  mass  of  the  lipoid pigment  in  the  ganglion  cells  was  noticeably augmented. 
In many ganglion cells the entire base of the cells seemed to be filled with lipoid 
materials;  the nucleus  was  also  somewhat  displaced  toward  the apical  dendrite; 
and in the glia cells a  large quantity of  fat,  likewise in  the vessels,  was  demon- 
strated.  Other  brains  of  individuals,  appearing  mentally  normal,  were  not 
available  because  during  life  a  considerable  abuse  of  alcoholic  beverages  had 
occurred,  and  a  multiplication  of  the  lipoid  pigment  in  certain  of  these  cases 
might probably have been connected with  chronic alcoholism. 
The result of these investigations may be summarized as follows : 
that lipoid materials are not to be found in the glia cells, the ganglion 
cells, and the vascular walls of the cerebral cortex of the new-born; 
that in the second decade of life lipoid materials already occur nor- 
really in  the ganglion cells of the cerebral cortex, yet still  in  very 
small  amount and  only at particular  points  of  the  ganglion  cells; 
that in the third period or decade they do not yet seem to be mate- 
rially increased, but  thereafter in  later life the quantity assumes a 
considerable augmentation.  While during the middle period of life 
only little fat is found in the glia cells and in the cells of the vascular 
walls together with a  considerable increase in the ganglion cells,  in 
advanced age the fat is increased in the glia and in the vessels; even 
in the most superficial strata of the glia there was  found in middle 
age no accumulation of the lipoid materials.  In the large Betz cells 
of the motor area, however, there is usually present a  large amount 
of pigment even in normal individuals of various ages.  Also in the 
cells of the anterior horn of the spinal cord fatty pigment is usually 
found in  fairly large amount. 
Hence we must conclude that in the large motor cells a  consider- 
able amount of fatty pigment is normal.  It does not occur in  the 
axis cylinder or even in the neighborhood of the 'base, 'but is usually 
found to one side of the nucleus and apparently does not interfere 
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The  Occurrence  of the  Lipoid Pigment in Mental  Disorders. 
We have investigated the following mental disorders : 
Amentia  ...............................................  I  case, 
I  .  .  ('veronal  poisoning 
nt°x~catl°nS'~phosphorus  poisoning  .....................  2  cases. 
Chronic  alcoholism 
Manic  depressive  insanity  ..............................  IO  " 
Dementia  pr~ecox  ......................................  20  " 
General  paralysis  ......................................  12  " 
Senile  dementia  ; .......................................  II  " 
Anxiety  psychosis  ......................................  I  case. 
Central  neuritis  ........................................  I  " 
Circulatory  psychosis  ..................................  I  " 
Idiocy  .................................................  4  cases. 
Epilepsy  ...............................................  19  " 
Alcoholic  insanity  ......................................  IO  " 
In a case of infectious psychosis no augmentation of the lipoid sub- 
stance in the cerebral cortex could be demonstrated out of propor- 
tion  to  the amount corresponding to  the age of  the patient.  The 
same  was  true  of  the lipoid  materials  in  the  case of  one  dead  of 
acute  veronal  and  acute  phosphorus  poisoning.  In  individuals, 
victims of chronic alcoholism, an increase of the lipoid materials in 
all the elements of the cerebral cortex correspondent to  the age of 
the patient appeared quite regularly.  In the psychotic condition of 
chronic  alcoholism,  especially  in  the  condition  of  dementia,  the 
increase  appears  peculiarly  rich,  still  none  appears  for  the  indi- 
vidual disorders of characteristic peculiarity. 
In manic depressive insanity of the young there appeared no par- 
ticular diminution of the amount nor change in the position of the 
lipoid materials compared with the normal.  On the other hand,  in 
the cases of later years a considerable amount of the lipoid materials 
was  without  doubt  demonstrable,  correspondent to  the  age of  the 
person.  Thus  some  cases  which  had  repeatedly  exhibited  acute 
manic depressive conditions showed already at fifty years of age as 
rich a  quantity of lipoid materials  in  the cerebral cortex as  other- 
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Dementia  Prcecox. 
Twenty cases of dementia praecox were examined.  In this disease 
the  estimation  of the  fatty degeneration  was very difficult,  because 
most of the cases ended  fatally through  exhaustion,  especially from 
tuberculosis.  Yet still there occur some cases among these in which 
death  occurred  very  early  or  resulted  from  diseases  which  could 
hardly have exerted any essential influence on the cortical cells.  We 
may  therefore  regard  the  pathological  findings  as  a  characteristic 
disease-process,  in  addition  to  the  fact  that  these  cases  show  re- 
marka'ble  similarity  in the amount  and  distribution  of the pigment. 
Because of the significance of the fatty pigment found in this group 
several cases are given in detail,  with short abstracts.  Cases dying 
of various intercurrent  diseases are given to show the similarity  of 
the cortical findings. 
Case  I.--M.  C.  Female,  3o  years  old;  married.  Psychosis  appeared  after 
pregnancy,  lasted  four  years.  Paranoid  type.  Moderate  dementia.  Cause  of 
death  tuberculosis  of  the  lungs.  Section  I5~  hours  after  death.  No  macro- 
scopic alterations to be seen. 
With the  Nissl preparation  there is  seen a  remarkable alteration  of  the cere- 
bral cortex.  Many cells are in a  sclerotic state;  in the  superficial strata the glia 
are proliferated,  and change in the architecture of  the cerebral cortex  is  demon- 
strable.  Several glia cells have penetrated many of the ganglion cells; the cellu- 
lar  body  is  slightly  stained--almost  invisible--and no  more  Nissl  bodies  are  to 
be  seen.  With  Scharlach  preparations  one  sees  a  considerable  increase  of  the 
lipoid  substance.  In  the  central  lobe  the  small  and  medium  pyramid  cells  are 
not  so  noticeably  altered,  but  the  Betz  cells  are  strongly  affected.  The  fatty 
pigment is dispersed in the entire cell body and is in great  accumulation.  Many 
cells  are  completely  degenerated,  and  the  cell  is  indicated  only  by  the  accumu- 
lation  of  the  fatty  pigment.  In  the  superficial  strata  and  also  in  the  inferior 
strata the glia is  largely  fat.  In  the  frontal lobes  one  sees  almost all the  small 
pyramid  cells  nearly wholly  fat,  and  affected  by  this  peculiar  degeneration  that 
is  described  later.  The  fatty  pigment  is  deposited  in  the  entire  cellular  body, 
especially at  the base,  and  in  many  cells  has  penetrated  the  axis  cylinder  (Fig. 
I).  Frequently the nucleus is  laterally displaced.  The vessels contain much  fat 
in the adventitia cells and in many small vessels the glia cells are found clumped 
about the vessel in which much fat is contained  (Fig. 7). 
Case  2.--A.  D.  Female,  24  years  old;  single.  Duration  of  the  disease,  i~ 
years.  Teacher.  Katatonictype.  Refusalof food.  Sense deceptions, delusions. 
Poison  in  food,  etc.  Moderate  dementia.  Died  after  8  months  in  institution. 
Wasted.  Cause  of  death  tuberculosis  of  the  lungs.  Section  I4~  hours  after 
death.  No  significant  results  are  macroscopically  demonstrable.  Brain  nega- 
tive.  On  microscopic  examination,  with  Nissl  preparations  one  sees  in  the 
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ment.  Mostly one  sees  a  considerable increase  in  the  glia  cells,  large  proto- 
plasmatic body,  and  fatty pigments.  Usually they  lie on  the  vessels,  in  many 
places six or eight consecutively. 
The  ganglion  ceils  show  marked  fatty  degeneration;  this  alteration  corre- 
sponds  to  the  sclerotic type  (darkly  stained  nucleus  and  narrow  cell  body). 
The  protoplasmic prolongations  can  be  followed  out  very  distinctly and  most 
of the cells in the third stratum  are plainly sclerotic, very slightly stained,  and 
only  shadows.  These  walls  are  attacked by  large  glia cells;  usually one  sees 
three to six glia cells in the cellular body of the ganglion cells.  With the  Nissl 
method the vessels showed no very considerable alteration.  With the  Scharlach 
method  one sees at once in all cortical elements pathological alterations similar 
to those described in the foregoing case. 
Case 3.--A. B.  T.  Female, 35  years old; married.  Duration  of  the  disease 
4  years.  Katatonic  type.  Two  years  before  death  cellulitis of  the  arms  and 
legs.  Profound  dementia.  Died  suddenly,  after  some  days,  of  volvulus  and 
chronic nephritis.  Section 5~  hours  after death.  Slight pachymeningitis, mod- 
erate  chronic  septic meningitis, moderate brain atrophy,  pronounced  ependymal 
granulation of fourth ventricle.  The pathological findings in this case were,  of 
course,  not  so  well defined as  in  the  two  cases  described above;  still they  are 
in  accord  in  that  there  is  present  a  pronounced  fatty  degeneration  of  all  the 
nervous elements, which normally does not correspond to this age. 
Case 4.--J.  Died very suddenly of peritonitis, at 34 years of age.  This case 
shows  a  far-reaching accord  with  the first case.  Irregular arrangement  of  the 
fat in isolated little heaps over the entire cell, or string-like arrangement  along 
the border of the ganglion cell.  In most glia nuclei are found only a  few  fatty 
granules.  The  fatty granules  of  the  glia  satellite cells  are  often  so  dispersed 
over the cell that the  fatty .granules of the ganglion cell itself cannot be differ- 
entiated.  Here  and  there  one  meets  with  individual glia  cells  richly endowed 
with fatty granules.  In the vessels the fatty degeneration is not so marked. 
From  the study of our cases we conclude that  in dementia praecox 
a  profound  degree  of  fatty degeneration  in  all cells of  the  cerebral 
cortex is found.  In the ganglion cells the augmentation  is often  as 
rich  as  in  senile  dementia.  Nevertheless  it  is  indisputable  that  in 
most  preparations  much  less  fat  is  found  than  in  senile  dementia. 
It probably results therefrom  that the  fat is not  found lying together 
in such thick clots as in senile dementia.  And  in general in the Nissl 
preparation  they  appear  far  paler  and  less  yellowish  than  in  the 
others.  The profoundly  fatty degenerated  ganglion cells in demen- 
tia praecox exhibit a  honeycom5  structure,  and the comb walls which 
enclose  the  structure  slightly stained  yet  still  recognizable  through 
the powerful  refraction  of the  light are much  thicker  than  in senile 
dementia, where  they are  formed  only of rows  of fine granules,  and 
finally  may  wholly  vanish.  Also  in  fibrillar  pictures  which  have Henry  A.  Cotton.  499 
been stained by the Cajal or Bielschowsky method we see relations 
different from senile dementia.  We were not able  to  represent in 
such cells any finding or any deviations whatever of the fibrils, as is 
so  easily done  in  senile  dementia.  But  we notice  the  al)sence of 
fibrillar  alterations,  either because  they really  are  not  present,  or 
because on account of the imperfection of the method they cannot 
be represented. 
_As  a  characteristic of  all  these  cases  must be  noted  that  in  all 
the cells of the cerebral cortex the lipoid materials were considerably 
augmented.  The  increase  affected the  entire  cerebral  cortex,  but 
appeared most distinct in the second and third layers.  Particularly 
striking pictures are obtained from the third stratum of the frontal 
lobe, where are found many ganglion cells whose entire cellular body 
is  filled  with  lipoid  substance.  A  frequent  occurrence  was  the 
lipoid pigment continued on into  the axis  cylinder prolongation  at 
its point of origin to the point of medullation.  Such considerably 
extensive pictures of a  similar sort can elsewhere be obtained only 
in  senile  dementia.  With  comparative  preparations  which  were 
fixed with  alcohol and  stained with  basic  aniline,  it  is  shown  that 
all these cells present an advanced stage of sclerotic alterations,  so 
that here also the fatty degeneration was connected with the sclerosis, 
as very frequently happens in chronic morbid conditions.  In these 
preparations it is shown that the prolongations of the cells are stained 
remarkably  far,  often  narrowed,  often  serpentine  (especially  in 
dendrites), the cellular 'body somewhat shriveled, the exterior forms 
remarkably angular.  The nucleus is stained dark, often drawn out 
to  an  extraordinary  length,  often  triangular  or  pyramid-formed, 
fitted  to  the  shriveled  cellular  body.  Often,  too,  in  the  exterior 
pyramid strata may be noticed a certain arrangement of the cortical 
elements in that the cells exhibit their apical dendrites not vertical 
to  the  superior  surface,  but  placed  in  various  directions,  and  are 
advanced noticeably far  out  of the cells.  Not  always  did the  ac- 
cumulation of the fatty materials in the ganglion cells correspond to 
the  accumulations  in  the  glia.  Sometimes  they  were  found  in 
regions in which the cells were profoundly fatty with only regres- 
sive alterations of the glia nuclei without lipoid granules.  In other 
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same  condition shows  itself  also  in  the cells  of  the vascular  wall. 
In the inferior strata where fewer acutely altered ganglion cells were 
found,  more  lipoid  materials  could,  for  the  most  part,  'be  deter- 
mined in the glia cells.  Also :the toluidin blue preparation showed 
that the glia nuclei in the second and third cortical strata  could be 
recognized as affected by very considerable retrogressive alterations. 
They were  in  part  extraordinarily pycnotic.  Now  and  then  such 
nuclei were found in  the middle of a  sclerotic ganglion  cell.  The 
glia cells of the superficial layer showed mostly a considerable fatty 
deposit, and in vessels of the inferior strata was found a large quan- 
tity of fat. 
From this investigation there can indeed be no doubt that in cases 
of  dementia praecox  a  considerable  degenerative  alteration  in  the 
cerebral cortex occurs, which alterations appear with special distinct- 
ness  in  the second and  third  cortical strata,  and  which lead to  an 
extensive fatty pigmented sclerosis of the cortical elements.  It can 
indeed be asserted that in many cases the greater part of the second 
and third  strata  is  in such a  condition that  no  further  functioning 
can be expected.  We have not been able to institute thorough exam- 
inations  of  the  entire  cerebral  cortex,  but  the  preparations  from 
our cases give us the impression that the alteration in the frontal lobe 
is  essentially  more  far-reaching than  in  the  central  convolutions. 
In this respect it is to be mentioned that in Case  I,  where the gan- 
glion cells in the frontal lobes were greatly loaded with  fat, almost 
no  accumulation of  fatty pigment was  found in  the ganglion  cells 
of the second and third strata of the central lobe.  Also very little 
fat is found in the glia in either the superficial or deeper strata.  The 
Betz cells are  irregularly altered.  In many cells there is  shown a 
considera'ble accumulation of  the  fatty pigment  which  is  not  par- 
ticularly distinguished from the normal condition, but in other cells 
the pigment  is  deposited  around  the  nucleus.  This  irregular  dis- 
tribution  of  the  fatty pigmented  degeneration  of  the  cortical  ele- 
ments of the cerebral cortex in  dementia praecox possibly differen- 
tiates this process from senile dementia, since in the latter the whole 
cerebral cortex is affected equally. Henry  A.  Cotton.  501 
0 ther Psychoses. 
In a case of so called "anxiety psychosis," a  disease of the climac- 
teric period leading quickly to death,  no pronounced  increase  of the 
lipoid  pigment  was  exhibited,  only  it  was  striking  that  the  fatty 
granules  were  deposited  in  the  ganglion  cells  not  in  a  collected 
accumulation,  but distributed  over the entire cellular body. 
Very  remarkable  and  unusual  was  the  appearance  of  lipoid  ma- 
terial  in  the  nerve  cells  in  a  case  of  central  neuritis,  a  peculiar  ter- 
minal  disease  which  was  first  described  by Adolf  Meyer  2 and  later 
by others. 3  We will summarize the case 'briefly. 
The  symptoms  of  central  neuritis  gradually  developed  upon  an  apparent 
depressed  phase  of  manic  depressive  insanity.  They  were  general  physical 
weakness,  diarrhea,  inclination  to  fall on the floor,  later involuntary twitchings 
of all muscles  of the extremities,  followed  by atrophy,  stiffness  in  muscles,  and 
pain  upon movement.  The peculiar confusion  delirium  occurred  in  connection 
with  the  twitchings  and  became even  more profound  with  the  progress  of  the 
other  symptoms; later,  unable  to  speak or  to  swallow,  with  profound  halluci- 
nations  of  a  terrible  or  fearful  type,  and  occupation  delirium.  Autopsy  was 
made three hours after death and  showed  nothing  specific macroscopically.  In 
the cerebral cortex of the central lobe one sees  at once  the peculiar alterations 
of the  Betz ganglion  cells,  the  so  called  "axonal reaction "  of  Nissl,  and  first 
described  by Adolf Meyer as characteristic of this disease.  These alterations are 
accompanied  by a  pronounced  degeneration  of the  white  substance,  as  is  illus- 
trated by the Marchi stain. 
On viewing the preparations  with  low magnifying power we are 
at  once  struck  by the  immense  accumulation  of  lipoid  materials  in 
the  cerebral  cortex.  Especially the  exterior  and  the  interior  strata 
of  the  large pyramid  cells  are  presented  in  many sections  as  a  red 
stripe.  In  other  sections  the  fatty  degeneration  seemed  to  be 
not  entirely of so high  a  degree.  When  we examine the individual 
elements  it  is  shown  for the  most part  that  the  whole basic part  of 
the  ganglion  cells  even  up  to  the  processes  is  filled  full  with  fatty 
granules, which appear, however, in many cases as no longer sharply 
isolated,  'but  seem  clustered  together.  The  nucleus  is  then  fre- 
quently  displaced  toward  the  apical  process,  and  frequently  one 
Meyer, A., On Parenchyrnatous Systemic Degeneration Mainly in the Central 
Nervous System,  Brain, 19Ol, xxiv, 47. 
Cotton, I4. A., and Southard, E. E., A Case of Central Neuritis with Autopsy, 
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notices that on the border of the cell body large fatty spheres seem to 
project.  It  is  not possible  to  determine here with  certainty, how- 
ever, whether we are confronted with an extrusion of the lipoid ma- 
terials out of the ganglion cells, or whether these fatty globules be- 
long to the satellite cells of the ganglion cells.  In individual cells it 
is  even possible  definitely to  assert  that  these large  fatty globules, 
which in part reach to the compass of small glia grains, are encamped 
on  glia  nuclei.  In  isolated  cases  similar  large  fatty  globulee  are 
found also in glia cells which are not satellite cells. 
In the Betz pyramids we see no such masses of fatty deposits, 'but 
on the other hand we receive the impression that  in  their  exterior 
part  they contain many fine  fatty granules which like  a  cloak veil 
over the fat-free in~terior of the cellular body (Fig. 6). 
In the Nissl picture these Betz pyramids show changes which re- 
mind us of that cellular alteration which is observed in a transverse 
section of the peripheral nerves, in their ganglion cells (axonal reac- 
tion). 
The nucleus has been shoved out to  the border  of the ganglion 
cells, and the Nissl bodies have undergone a dissolution.  Where the 
ganglion cells are undergoing so advanced a stage of the disintegra- 
tion progress we find also  rich masses of  fatty globules  in the ad- 
ventitial  cells  of  the vessels.  Besides  this  particular  alteration  of 
the Betz pyramid cells the small cells are pronouncedly fatty, but the 
type of  fatty degeneration differs materially from the  process  de- 
scribed in dementia praecox.  This mixed character of the fatty pig- 
ment  of  central  neuritis  is  shown  for  comparison  with  dementia 
pra~cox (Fig. 6). 
A  case of circulatory psych'osis,  4 or, as termed by the author, car- 
diogenetic psychosis,  5 was  also  thoroughly studied,  and  because  it 
presented certain pathological  features we report it  here. 
The  patient  was  a  negro  woman,  aged  55  years,  who  showed  no  symptoms 
until 8  days  before admission  to the  State  Hospital  at  Trenton.  The  psychosis 
was  characterized  by profound  depression,  motor  restlessness,  and  extreme  ap- 
prehensiveness,  especially  at  night;  marked  variability  of  moods  was  present; 
Jakob,  A., Zur  Symptomatologie,  Pathogenese  und  pathologischen  Anatomic 
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and frequently she was profoundly delirious, and at times seemed in a condition 
of hypomania.  She died three months after admission, the cause of death being 
myocardial  degeneration  and edema of the  lungs, and subacute  adherent peri- 
carditis.  Autopsy three hours  after death showed no macroscopic alteration  of 
the brain. 
In a general  review  it is  at first to be determined  that no  focal or macro- 
scopic organic  disorders  were  present,  and  no  inflammatory  processes  in  the 
cerebral  cortex.  Only the nervous  elements were attacked  by the process,--the 
large elements of the inferior cerebral  cortex, especially the Betz pyramids, and 
the  small  and medium  cells.  The  most important  alterations  are  in  the  Betz 
cells, and the type of the axonal reaction, as has already been described in the 
above case of central  neuritis. 
The  findings  here  accord  completely with the  above  cases.  An 
extraordinary  deposit  of  fat  was  found  in  the  cerebral  cortex,  in 
conditions  which  suggest  central  neuritis.  Only  in  this  case  the 
phenomena were not so prominent, the individual fatty granules had 
not coalesced into great masses, but the fatty granules had remained 
isolated as we have observed in senile dementia and the usual forms 
of  fatty degeneration. 
Senile Dementia. 
We  have  examined  eleven  cases  of  this  psychosis.  The  lipoid 
materials  are  multiplied  in  most  of  the  cells  where  normally they 
lie in the  ganglion cells.  We see,  however,  in very many cells the 
fatty  materials  finally filling out  the  whole  cell  body.  It  is  fre- 
quently noticed thereby that the cells are widened out by reason of 
the  fatty deposit at  the  base,  and  that the cell  nucleus  is  displaced 
toward the apical process.  Also occasionally fat is seen in the cel- 
lular pro'longations, and not very seldom the axis cylinder prolonga- 
tions  are  indicated  through  a  series  of  fatty granules.  The  fatty 
granules,  even  in senile dementia,  are  comparatively large;  the  en- 
tire  cell body  may have  been  filled  full of  fatty granules  and  the 
prolongations become invisible.  In the Nissl preparation  the spin- 
dles and Nissl bodies are lacking in the region of the fatty granules ; 
on the other hand one often sees in their arrangement dark granules 
forming meshes between  which the  fatty granules are  deposited. 
The  fibril  picture  at  the  point  of  the  fatty degeneration  of  the 
ganglion cells is altered in a wholly characteristic manner.  One may 
see that at the place of the fatty degeneration the fibrils are lacking; 
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nmch rather  at  the  place  of  the  fatty degeneration and  run  their 
course in  the border much thicker than usual  or normal.  We  see 
single  fibrils  enter  in  the  fatty  locality  and  there  pass  over  into 
meshwork.  This meshwork may indeed not answer to a meshwork 
of fibrils, but a scaffolding of a web-like ground substance in whose 
meshes the lipoid materials are deposited.  The  fatty degeneration 
seems to affect in like manner all ganglion cells of all strata of the 
cerebral cortex.  Particularly in many small cells one can recognize 
only the ganglion cellular body and the surrounding fatty granules. 
In many senile cortices there is  found no ganglion cell which does 
not contain a  large amount of fatty granules.  The glia cells show 
in like manner a rich accunmlation of fatty granules.  A  peculiarly 
rich  fatty accumulation is  found in  many glia  satellite  cells.  The 
fatty granules here often lie so  close and massive on the ganglion 
cells that it is difficult even to separate them from the fatty granules 
of  the  ganglion  cell. 
Frequently those belonging to the glia cell are larger than those 
belonging to the ganglion cell, and thus the differentiation is  facili- 
tated.  Often we find that the  fatty granules belonging to  the glia 
nucleus are situated somewhat on the side of the nucleus ; so that oc- 
casionally also we meet with fatty granules which apparently seem 
to be lying free.  On closer study of the section it becomes probable 
that also these little heaps belong to the glia nuclei  (Fig.  5). 
In senile dementia we seldom find glia cells without fatty deposit; 
both the large light staining cells  and  the small dark cells  contain 
fatty granules.  In the former the fat often stretches far away in a 
long tail of granules, or lies arranged in various gradations; though 
mostly so that the nucleus itself for the most part lies free.  In the 
small .dark nuclei we find often only single  fatty granules.  Usu- 
ally the glia cells which lie in the neighborhood of the vessels are par- 
ticularly rich in fat.  In the vessels themselves there is found an ex- 
traordinarily  large  amount  of  fatty  granules.  They  lie  in  large 
part inthe adventitial cells; also in single intimal cells the whole cell 
is  filled  with  fatty  granules.  In  the  adventitial  space  are  found 
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Progressive Paralysis. 
Also in paralysis there is found a large amount of fat in the cere- 
bral  cortex,  yet  not  so  much  as  in  senile  dementia.  Here  and 
there we find cells in which the fat fills up the entire cell as in senile 
dementia.  In  general,  however,  a  different  arrangement  is  to 'be 
seen.  The  fatty granules  seem  to  be much  more strewn  over  the 
entire  cell, while at no poin~t do we reach  such dense accumulations 
as are the rule in senile dementia  (Fig.  I  a). 
We have not seen  fat  in  the prolongations  of the  cell,  especially 
in the axis cylinder prolongations.  Also a complete degeneration of 
the  entire  cell,  as  is  frequent  with  senile  dementia,  seldom  occurs. 
In  our cases  we  have  to  deal  with  instances  of paralysis  predom- 
inantly  running  their  course  rapidly  yet  not  wholly demented. 
Also  in glia  cells  fat is  frequently  found,  but not in such an  ar- 
rangement  as  is  the  rule  in  senile  dementia.  Occasional  "'Stiib- 
chen'"  cells contain  fat in  the  polar  prolongations.  In  many cases 
the blood vessels contain large accumulations of fat, especially in the 
adventitial cells. 
Epilepsy. 
\Ve have examined nineteen cases, among which were found vari- 
ous types of degeneration.  We owe a part of our examined material 
to  the  Institution  for  Epileptics  at  S tettin,  \Viirtemberg.  For  the 
most part Che patients  were epileptics in youth, and  died at an early 
age.  For  the  examination  cases were selected  in  which  no  micro- 
scopic disease  loci  were  found.  Our  material  also  included  cases 
of status  epilepticus  from  the  Psychiatric  Clinic  at  Munich. 
Special interest  is  due to Case P., sixteen years old,  who died in 
status epilepticus after he had suffered in earliest youth from tee'thing 
convulsions.  On the day before his death he had his first attack of 
status  epilepticus,  but  previously  had  shown  no  epileptic  symp- 
toms.  In the  majority of the ganglion  cells there  is  found a  large 
quantity  of  fat in large  grains  which  mostly lie in  small groups  at 
various points  of the  ganglion  cells.  In general the  large  cells are 
considerably more fatty than the small ones. 
The glia ceils of the first cortical stratum are richly endowed with 
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Mostly one sees only single grains, especially in the satellite cellular 
body, while, on the other hand,  the glia nuclei in  the marrow con- 
tain a rich amount of fat.  WTe see single cells which are surrounded 
with  a  large  number  of  fine  fatty granules.  Here  and  there  are 
found single adventitial cells surrounded with  fat; most of the ves- 
sels  exhibit  less  fatty  deposit.  In  the  lymph  spaces  of  the  large 
vessels of the marrow are found cells richly endowed with fat, but 
specifically fatty granular cells are not to be seen.  Very rich is the 
fatty content of a second case of epilepsy which died in status epilep- 
ticus.  We find here in all ganglion cells fatty granules remarkable 
by reason of their exceptional size.  As  a  rule they lie singly, but 
dispersed over the entire cell, even far up to the polar prolongations. 
This was not observed in the other case. 
In place of the small granules one sees small and large accumula- 
tions of fat, until a  greater part of the cell is apparently filled with 
granules.  The  profound  fatty  degeneration of  the  ganglion  ceils 
corresponds also to  considerable  fatty deposit in  the  glia  cells.  A 
peculiarly beautiful appearance is made by the glia cells of the super- 
ficial  layer  which  shows  prolongations  filled  with  very  numerous 
fatty granules, stretching out from the cellular body in various direc- 
tions.  The  abundance  of glia  cells  in  the first  cortical  stratum  is 
noteworthy. 
In the ganglion cells of the deeper layers and also in the glia ceils 
we find fatty granules for the most part lying isolated.  Their rela- 
tion  to  the  glia  nucleus  corresponds  to  the  shriveled  protoplasmic 
body.  Very numerous are the fatty granules in the glia cells of the 
white  substance  where  they often  form  rather  coarse  little  heaps 
around  the nucleus  or  are arranged  in  the  form of  a  comet's tail 
springing away only in one direction.  Finally the fatty content of 
the vessels is extraordinarily rich.  All vessels are extremely prom- 
inent by reason of the large number of  fatty granules deposited in 
them.  Individual vessels are imbedded in the fatty granules.  The 
lymph sheaths contain numerous cells with fine grains of deposited 
fat  and  also  the  adventitial as  well as  the intima cells  seem to be 
completely filled with fat. 
The fatty degeneration in the case of another young epileptic who 
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status epilepticus, while not in every way similar, is of a  somewhat 
similar character.  In individual ganglion cells the fatty degenera- 
tion reached a very high degree.  Here too the fatty granules reach 
out far in all dendrites.  There were found cells in which the den- 
drites seemed distended far from the nucleus through the deposit of 
fatty granules.  Also here again our attention is struck by numerous 
cells in the first cortical stratum which send out dendrites in all di- 
rections richly endowed with fatty granules. 
The glia cells of the whole cortex likewise show prolongations for 
some distance from the cell and filled with fatty granules.  It often 
proved to be very difficult to differentiate the fatty granules belong- 
ing to the ganglion cells  from those belonging to the glia cells.  The 
glia  cells  of  the  white  substance  exhibit  the  same  conditions  as 
those  in  the  preceding case.  The  vessels  in  general  contain  but 
little fat. 
In still another case, an epileptic who died when eight years old of 
status epilepticus, the fatty deposits were of a peculiar nature,  The 
ganglion cells here, through their form and the dark, often triangular 
nucleus, produce the impression of  far  advanced sclerosis.  Many 
show very rich deposits stained red  which, however,  for the most 
part have not assumed the form of round granules.  In general they 
are  irregular,  sometimes handle-formed, and often one end lies  in 
the cell while the other projects out of it.  In individual cells  there 
occur also peculiar s.ausage-shaped formations.  In many cases these 
reached a considerable length; they lie usually at the base of the cell 
and at the side of the nucleus.  In between the usual fatty granules 
are often found.  In general the fatty degeneration reaches a  very 
advanced degree.  Here again we see in man.y cells single fatty gran- 
ules in the polar prolongations far from the cell nucleus. 
In the glia cells of the deeper layers of the cortex are found very 
often fine fatty granules.  Also in the glia cells of the white sub- 
stance the fatty granules show an arrangement similar to that in the 
cases  of epilepsy already described. 
In the adventitial cells of the cortex and the marrow there are for 
the most part extremely coarse fatty granules in the vessels.  In the 
adventitial lymph sheaths of the vessels there are rich and numerous 
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Cerebral  Syphilis. 
In the two cases of cerebral syphilis that we have studied, one was 
a case of meningitis with peculiar participation of the spinal cord and 
the base, while over the hemispheres was to be demonstrated only a 
high grade thickening of the pia, with but very few infiltration cells. 
We were able to demonstrate also in the adventitial sheaths  of the 
vessels of the superficial cortical stratum sparse lymphocytes lying 
wholly isolated.  Before his death the patient presented the picture 
of a  profound dementia.  In almost all  ganglion cells of the cere- 
bral cortex there is a rich amount of fat.  In most of the cells it lies 
at the base, so that the nucleus appears somewhat displaced upward, 
frequently mounts upward by the side of the nucleus, and still  fur- 
ther  occupies  the  region  above  the  nucleus.  The  arrangement  is 
very similar to that  found in senile dementia.  The  fatty granules 
are large and  give  one the  impression that  the  fatty accumulation 
pervades the protoplasm of the cell in its  total depth.  Around the 
glia nuclei lies abundant fat in very irregular form, and then again 
it  is  found deposited in single tails.  Also in the glia  of the white 
substance fat is found in like manner.  The vessels are in part with- 
out  fatty deposit.  In other vessels  fat  is  found  in  the adventitial 
cells, though not in excessive quantity. 
The second case of cerebral syphilis is that of a  woman in whom 
in the basal ganglia small and large focal softenings are found.  In 
the hemispheres are shown no infiltration whatever and no alterations 
of the vessels.  A  long time before her death the patient presented 
the picture of profound dementia.  The cortex here is shown to 'be 
extraordinarily rich in fat.  The ganglion cells are for the most part 
full of coarse fatty granules, so that only a  little of the remaining 
cellular body is to be seen. 
The  fatty  granules  appear  to  penetrate  the  entire  cell  and  the 
whole cellular body.  The large and small ganglion  cells show the 
same degree of fatty degeneration.  The picture of the glia is here 
peculiar.  Around  the  small  dark  glia  nuclei  lie  frequently  little 
heaps  of coarse fatty granules equally distributed  in  all  directions. 
As a rule, elsewhere one does not see such an arrangement of the fat, 
since the fatty granules are mostly situated at the side of the nucleus, 
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ordinarily  rich  fatty  deposits  in  the  nerve  and  glia  cells  there  is 
found but little fat in the vessels. 
Alcoholism and Alcoholic Psychoses. 
In M., a case of chronic alcoholism, the fatty degeneration of the 
ganglion cells is rather irregular.  We find in all regions cells which 
contain but very little fat, and the small ganglion cells contain quite 
a  large amount.  In the large pyramids the  fat lies at the base  or 
at the side of the nucleus.  Now and then we meet with a cell which 
contains a great quantity of fat.  On the other hand, there is  found 
an  exceptionally high  grade  of  fatty  deposit  in  the  glia.  In  all 
strata of the cerebral cortex are seen glia cells which are surrounded 
by coarse fatty granules.  Sometimes the  fat lies round about the 
nucleus;  then again it is arranged in grape-cluster form at one side 
of  the  nucleus;  and  again  it  lies  together  in  one  or  several  tails 
running far on. 
Not  infrequently in  several  of  them  these  fat-besieged cells  lie 
side  by side,  so that  large  clusters  of  fatty granules  lie together. 
Through the extraordinary accumulation of  fat  in the glia of the 
cerebral cortex the picture receives a  wholly peculiar imprint.  In 
the vessels  there  is  quite a  large amount of  fat in  the adventitial 
cells.  "'KiSrnchen "'  cells  are  nowhere to  be  seen. 
In G.  G., a case of alcoholic hallucinosis, aged 35 years, who died 
of dysentery, no fat was  found in the ganglion cells of the frontal 
lobe  or  in  the  glia.  In the  temporal  lobes,  however,  a  moderate 
amount  of  fat  was  found  in  the  ganglion  cells,  but  none  in  the 
glia  or  adventitial  cells  of  the  blood  vessels.  It  is  important  to 
note that no  fat was  found in the glia  of the superficial layers of 
the cortex in any region. 
In the other cases of chronic alcoholism and alcoholic dementia, 
varying in age from forty-eight to sixty-seven years, usually there 
was  found  a  considerable  amount  of  fatty  pigment  in  ganglion 
cells,  glia,  and blood  vessels,  also  in  the superficial glia  which re- 
sembled  the  fatty  degeneration  found  in  senile  dementia,  except 
that it was not of such a  high grade.  In no case was the peculiar 
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we have  described  in dementia  pr~ecox to  be  found.  In  the  cases 
below sixty years of age the fatty deposits were greater than  those 
found  in  normal  brains  of  that  age.  So  we  must  conclude  that 
alcohol has  a  marked  influence  in the  amount  of  fatty deposits  in 
the cortex,  when its use extends  over a  long period in  the  individ- 
ual's  life. 
The  Occurrence of  the  Lipoid  Substance  in  the  Cerebral Cortex 
of Animals. 
We have had the opportunity to examine  many  examples  of the 
cerebral cortex of various animals.  In rabbits  fat was not present 
in  the  cerebral  cortex  in  any  noteworthy  amount.  Just  as  little 
was to be found in an ape, although it had died of a  general anemia 
on  account  of  long  confinement.  On  the  other  hand,  a  slight 
amount was  found in the  ganglion  cells and  the glia of a  calf.  A 
somewhat  greater  amount  was  found  in  the  ganglion  cells  and  in 
the  glia  of a  full grown  cow.  But  fat  was  found  in  the  cerebral 
cortex of a  deer which we had used for purposes of comparison  in 
order  to  examine  both  domestic  animals  and  those  living  in  the 
open.  The age of the deer could not be determined. 
It  is very unusual  to find a  large amount  of  fat in  the  ganglion 
'cells and in the glia  cells,  and  even when small amounts  are  found 
in  ganglion  cells  and  glia  no  fat  is  found  in  the  adventitial  cells. 
The  results  with  a  swine  and  a  sheep  were similar  to  those  with 
the  brain  of  the  calf.  In  both  of  these  cases  the  animals  were 
young.  In all these animals  the deposit of fatty granules  was col- 
lected at the base of the cells and was of small extent.  When the 
fatty granules  lay in the glia,  as a rule only one or two were found 
in the cells.  It could not be determined  which cortical layers were 
rich or poor in  fat.  A  much greater amount  of  fat  was  found  in 
the brain of a horse which had reached the age of twenty-six years. 
Especially in the vessels there was a large amount of fatty pigment; 
it  lay  in  the  adventitial  cells,  and  around  the  vessels  were  many 
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DISCUSSION. 
The  most important  results of this study seem  to be the demon- 
stration of definite Changes  in the cortex in dementia  przecox, which 
have hitherto escaped notice and have not been previously described. 
Kraepelin  6  gives  a  reproduction  of  nerve  cells from  dementia 
prmcox, with a high grade of fatty degeneration, but does not give 
credit to anyone in particular  for these findings,  although he evi- 
dently considers them of importance.  The sclerotic changes in the 
nerve cells, as seen by the Nissl method, are also evidence of a pro- 
found pathologic change which cannot be ascribed to the age of the 
patient,  for these cases are all from the early years, the third to the 
fourth decade. 
We have been able to demonstrate these cell changes in practically 
all cases of dementia praeeox, especially in those dying of an inter- 
current disease;  notably, tuberculosis.  But in the case of patients 
affected with  other psychoses,  dying of tuberculosis,  notably gen- 
eral paralysis, these changes are not to be  found.  It would there- 
fore  seem  that  tuberculosis  alone  could  not  account  for  these 
changes.  What  then  is  the  significance of  these  changes?  And 
the  answer  to  that  question  cannot,  as  yet,  be  fully determined, 
although many interesting hypotheses could be discussed. 
We cannot assume that the fatty degeneration or  fatty deposits 
in  the  nerve cells,  glia,  and  blood  vessels  are  pathognomonic  for 
dementia praecox,  as  we  find  similar  changes  in  other  psychoses, 
such  as  alcoholic  insanity and  senile  dementia.  But  in  no  other 
psychosis do we find these changes at such an early age in the patient 
and never so pronounced.  The type shown  (Figs.  I  and 2)  with 
the axis cylinder at its point of origin filled with fat appears to be 
found more commonly in dementia pr~ecox.  Occasionally one finds 
an indication of such a  change in  senile dementia  (Fig.  8),  but  it 
is  not  so  pronounced.  Whole  cells  completely  degenerated  are 
found  in  both  conditions.  The  fatty  deposits  in  the  superficial 
glia are about the same in both conditions,  and  are also  found  in 
alcoholic cases in advanced years of life.  But the degeneration of 
GKraepelin,  E.,  Psychiatrie.  Ein  Lehrbuch  ffir  Studierende  und  ~rzte,  8th 
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the  axis cylinder and  the  fatty deposits in the  superficial  glia  have 
not been observed in normal  brains  up to the  sixth  decade  of life. 
It is  fair then to assume that  these changes  while not pathogno- 
monic  of  dementia  praecox  are  at  least  characteristic  changes  for 
that disease.  The next question that arises is naturally : What is the 
cause of this fatty deposit in the cortex?  And here the biochemical 
metabolism  seems  to  play  a  very  important  part.  With  a  better 
understanding  of the  function  of the  neuroglia  and  its  relation  to 
the  nerve cells,  this  question  does not seem so difficult.  The  clas- 
sical  work of Alzheimer  hpon the  function  of the  glia  gives  us  a 
better idea of just how the glia  is concerned in the nourishment  of 
the nerve cells, as well as its function in the removal of the products 
of metabolism in nervous tissue.  It is fair to assume that the  fatty 
deposits  occur as a  product  of  faulty metabolism,  and  also that  it 
may  be  the  end  product  of  the  activity  of  the  cell,  which  under 
normal  conditions  is  removed or neutralized  by certain  biochemical 
agents. 
When this  mechanism  is at  fault  these end products  are  not dis- 
posed of, and hence accumulate  in the  cell bodies, glia,  or walls of 
the  blood vessels.  The  fact that  the  glia  cells  forming  the  super- 
ficial layer are loaded with  fatty deposits would seem to substanti- 
ate  this  view.  For  the  glia  here  Usually show  a  marked  reaction 
to any changes  in  the  cortex,  and  it  is  possible to suppose that  in 
the  attempt  to dispose of this  product  of metabolism  they become 
the bearers of the fat, carrying it to the surface where an outlet can 
be obtained. 
Without more experimental data one cannot hazard  an opinion as 
to the nature and source of this product. 
The  findings  of these changes,  especially in  dementia  pr~ecox,  it 
is  to  be hoped  will  at  least  furnish  the  basis  for  further  work  in 
the field of metabolism, particularly that  concerned with the glands 
of internal  secretion. 
In establishing  these histopathological  changes  in  dementia  pr~e- 
cox,  we  believe  that  a  foundation  has  been  laid  for  considering 
dementia praecox an organic brain disease, and it is to be hoped that 
this  work will stimulate investigation into the origin and nature  of 
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tion of the glands  of internal secretion to  the pathological process 
of dementia prmcox offers the most  fruitful field for investigation 
at the present time. 
In conclusion I wish to express my sincere thanks and deep appre- 
ciation to  Professor Alois Alzheimer for his  valuable assistance to 
me in the laboratory of the Psychiatric Clinic in Munich.  It was at 
his suggestion that this work was undertaken, and the greater part 
of it was done under his helpful direction.  Without his cooperation 
and assistance this paper would not have been completed.  I am also 
indebted to Dr.  F.  G.  Scammell, County Physician at Trenton,  for 
furnishing me with a  greater part of the normal material, through 
accident and criminal cases coming under his jurisdiction; and to Dr. 
F.  S.  Hammond, Pathologist of the New Jersey State Hospital  at 
Trenton,  for his valuable assistance in the preparation  of material, 
and in preparing the colored lumi~re plates from which the illustra- 
tions are made.  The drawings were made by Dr.  Peter F.  Mallon 
from  the colored photomicrograph. 
CONCLUSIONS. 
From the data  provided by our  investigations  we may conclude 
that in all pathologic processes of the cortex which end in dementia 
and death, the fatty degeneration of the elements of the cortex plays 
a not unimportant part.  The characteristic change for most of the 
psychoses is  found in a  great increase in amount of fatty deposits 
when compared to  normal  individuals  of  the  same  age.  In  some 
processes  such as  senile dementia and  dementia prmcox the  fatty 
substance  appears  to  fill  completely the  cell body,  and  these  cells 
have  apparently  lost  all  their  functioning power.  It  is  not  com- 
mon to find the fatty deposits in the processes of the ganglion cells 
except in dementia pr~ecox, and to a limited extent in Senile dementia. 
In other cases the pathological variety of the fatty deposits in the 
ganglion  cells  is  seen  to  be  diffused over ,the  whole ganglion  cell. 
We  were able especially to  observe this  in  infectious psychoses,  in 
general  paralysis,  and  in  epilepsy.  The  so  called  central  neuritis 
assumes  a  peculiar  attitude  in  that  it  plainly  leads  swiftly  to  an 
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an  inclination  of  the  fatty  granules  to  flow  together  into  large 
masses.  Frequently the fatty degeneration of the ganglion cells ap- 
pears to be connected with the sclerosis of the ceils, especially when it 
is a matter of slowly progressing alterations of degeneration.  The 
behavior  of  the  glia  is  not  wholly uniform in  the various  disease 
processes.  In chronic disease processes we often find that the extent 
of the fatty accumulations in the ganglion cells does not correspond 
to  an  equal  increase  in  the  glia  cells,  while  the  otherwise  acutely 
degenerative alteration  in  the  nuclei  of  the  glia  is  noticeable.  In 
acute processes we see regularly an equal accunmlation of the fat in 
both species of cell.  The conditions of the cells in the vascular wall 
are  wholly similar  to  those  of  the  glia  cells.  We  must  therefore 
assume that in chronic diseases the fatty su~bstance has been carried 
out  of  the  glia  and  the vascular  walls  while  it  has  been  retained 
longer in the ganglion cells.  Among all the disease processes amau- 
rotic  idiocy assumes  a  peculiar  position.  We  have  observed  that 
in addition to the fatty materials of the scarlet fat stain,  still other 
fatty  materials,  lipoid  in  character,  have  made  their  appearance. 
While  the  study of  the  fatty deposit  in  the  cerebral  cortex offers 
some points  for a  differential diagnosis, yet it is not adopted in all 
cases,  since  the  distinction  in  individual  disease  processes  is  not 
always  characteristic.  From the preceding examination,  however, 
in many cases there result important findings which briefly we sum- 
marize as follows : 
I.  In all degenerative alterations in the cerebral cortex the mass 
of the lipoid materials in the ganglion cells in comparison with that 
in healthy individuals of equal age is  found to be considerably aug- 
mented.  In  the  alteration  of  the  lipoid  materials  in  the ganglion 
cells two types in general may be distinguished:  (a)  An augmenta- 
tion  of  the  lipoid  materials  in  the  ganglion  cells,  in  places  where 
normally a  small amount of  fat  is  found.  (b)  An augmentation 
of the lipoid materials over the entire cell. 
2.  The  first  type we  find also  characteristic  in  senile  dementia. 
The second type occurs in acute infectious psychoses, general paral- 
ysis, and well advanced epilepsy. 
3.  While the advanced lipoid  degeneration of the ganglion cells 
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appeared  from  our  investigations  that  also  in  the  young  chronic 
cases  of  dementia  praecox  far-reaching  fatty  degeneration  of  the 
ganglion cells, especially in the second and third cortical strata,  like- 
wise  occurs.  These  findings  should  constitute  an  important  con- 
tribution to the pathological anatomy of dementia praecox. 
4.  The so called central neuritis represents a peculiar disease proc- 
ess according to the appearance of the fatty degeneration, since this 
fatty  degeneration  reaches  a  very advanced  degree,  and  also  in so 
far  as  it  deviates  from  other  disease  processes  in  that  here  there 
comes out very distinctly in the picture an  inclination of the  fatty 
granules to flow together. 
5.  Amaurotic idiocy also represents a particular disease process in 
respect to the lipoid degeneration, since here in addition to otherwise 
distributed  scarlet  stain  lipoid  materials,  still  other  specific  lipoid 
materials  make their appearance. 
EXPLANATION  OF  PLATES. 
The  drawings  were made with an  Eddinger  drawing  apparatus  from  colored 
photomicrographs  of  the original sections.  The  fatty material is  stained  red by 
Scharlach R and Ehrlich's hematoxylin is used as a  counterstain for the cell body 
and nucleus. 
ax.  axis  cylinder of  cell. 
nl.  nucleolus. 
gl.  neuroglia. 
g.  ganglion  cell. 
adv.  adventitial  cells. 
PLATE 55. 
FIG.  I.  Three ganglion ceils  from the 3d  layer of the cerebral cortex  of  the 
frontal lobe,  from a  case of dementia praecox 27 years  of age(  all three of these 
cells  were  found in one fluid ~2  oil immersion),  a.  Entire cell body filled with 
fat,  only  nucleus  and  nucleolus  free.  b.  and  c.  Characteristic  fatty  deposit  in 
base of cell and in axis cylinder which is much swollen and affected to the point 
of myelinization. 
FIG.  2.  A  medium  sized  ganglion cell  from  third layer  of  cortex  in  another 
case  of  dementia praecox,  30 years  of  age,  with  fatty  axis  cylinder  and base  of 
cell filled  with  fat.  In  normal  brains of  this  age  practically  no  fat  is  found  in 
cells of this type,  shown in Figs.  I  and 2. 
FIG.  3.  Giant Betz cell from the motor cortex in the case of senile dementia, 
aged 69.  A  considerable amount of fat in the base of the cell.  In normal brains 
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FIG.  4.  Section  from  the  superficial  layer  of  the  cortex,  showing  neuroglia 
cells  filled  with  fat,  from  a  case  of  dementia  prmcox,  aged  30.  Normal  brains 
at this age  show  absolutely no  fat in the  superficial  neuroglia.  The  amount  of 
fat is only found in senile dementia. 
PLATE 56. 
FIG.  5.  A  group  of  ganglion  (g.)  and  neuroglia  (gl.)  cells  from  a  case  of 
senile  dementia,  showing  the  usual  form  of  fatty  degeneration  in  this  disease. 
The cell body of  the ganglion cell is filled with  fat which surrounds the nucleus, 
but the axis  cylinder is  rarely  affected.  The glia cells  contain more  fat than  is 
the  case  in  dementia  pr~ecox  (found  in  one  field 1~62 oil  immersion).  The  free 
fat outside of the cell probably belongs to the neuroglia  cells. 
FIG.  6.  Giant Betz  cells  from  motor  cortex  from  central neuritis.  The  nu- 
cleolus is eccentric and stains heavily; the center of  the cell has lost its  staining 
properties,  surrounded by fatty material.  Typical "axonal  reaction." 
FIG.  7.  Blood  vessel  from  the  white  substance  of  the brain  from  a  case  of 
dementia  prmcox,  with  considerable  amount  of  fat  in  adventitial  (adv.)  cells. 
The glia cells lie close to the wall of the capillary and are filled with  fat.  These 
are  not  "'Kgrnche~"  cells,  but  ordinary  glia  cells,  apparently  transferring  the 
fat to  the  blood vessels.  This  is  a  common  finding in  dementia  prmcox  and  is 
found only to great extent in  senile dementia. 
FIG. 8.  Section of cortex  from case of  senile dementia,  showing fatty degen- 
eration  of  ganglion cells  and glia.  In  one ganglion  cell the  axis  cylirider  (ax.) 
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